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METHOD FOR FORMING GATE SPACERS 
WITH DIFFERENT WIDTHS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for forming a 
semiconductor device With a double-layer spacer. OWing to 
the double-layer spacer, the Width of the spacers of the 
interior circuit and the peripheral circuit can be controlled to 
provide semiconductor devices of high quality. 

2. Description of the Prior Art 
Recently, the demand for semiconductor devices has 

rapidly increased oWing to the Widespread use of integrated 
electronic circuit. In particular, as an excess of than hun 
dreds or thousands of electrical components are integrated 
into ICs, the need for higher quality semiconductor devices 
and more simpli?ed fabrication has become imperative. 

FIG. 1 shoWs a cross-sectional vieW of a traditional 
semiconductor device. For example, the gate substrate is 
usually composed of polysilicon 140A and 140B, tungsten 
silicide (SiW) 160A and 160B, and silicon oxide 180A and 
180B. HoWever, the gate substrate needs tWo steps to form 
a bit-line to substrate 340A and 340C contact via and a 
bit-line to gate contact via 340B. Further, spacers 220C and 
220D are composed of silicon nitride of a traditional semi 
conductor device due to the structure substantially not 
controlling the thickness of the spacers of interior circuit and 
the peripheral circuit. 

For the foregoing reasons, there is a need for a method of 
forming higher quality semiconductor devices and more 
simpli?ed fabrication. 

SUMMARY OF THE INVENTION 

In accordance With the present invention, a method is 
provided for forming a double-layer spacer. OWing to the 
double-layer spacer, therefore substantially controlling the 
thickness of spacers of the interior circuit and the peripheral 
circuit, high quality of the semiconductor device results. 

Another purpose of the present invention is to provide a 
method for forming gate structure composed With of 
polysilicon, tungsten silicide (SiW), and silicon oxide, and 
forming double-layer spacer, so that bit-line to substrate and 
bit-line to substrate contact vias are formed simultaneously. 

In one embodiment, the present invention provides a 
method for forming a semiconductor device, Which includes 
a double-layer spacer. A gate oxide layer is ?rstly applied on 
a semiconductor substrate, and a polysilicon layer, a con 
ductive layer, a ?rst dielectric layer are formed in order on 
the gate oxide layer. The ?rst dielectric layer, the conductive 
layer, the polysilicon layer, and the gate oxide layer are 
further etched using them as the interior gate and the 
peripheral gate. Next, the second dielectric layer, the third 
dielectric layer, and the fourth dielectric layer are formed 
over the interior gate and the peripheral gate, and the ?rst 
photoresist layer abuts the surface of the fourth dielectric 
layer of the interior circuit. Moreover, etching the fourth 
dielectric layer of the peripheral gate to form a second spacer 
of the peripheral gate, and etching the third dielectric layer 
of the peripheral gate to form a ?rst spacer of the peripheral 
gate. Removing the ?rst photoresist layer and the fourth 
dielectric layer of the interior circuit, a ?fth dielectric layer 
is formed on the third dielectric layer of the interior circuit. 
The fourth dielectric layer and the top surface of the second 
dielectric layer of the peripheral circuit are removed. The 
?fth dielectric layer is formed on the ?rst dielectric layer and 
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2 
on the third peripheral of the peripheral circuit, and then the 
second photoresist layer on the ?fth dielectric layer, Wherein 
the third photoresist layer is patterned as a bit-line contact 
via of the interior circuit and bit-line contact vias of the 
peripheral circuit. Finally, anisotropically etching the third 
photoresist layer and the ?fth dielectric layer, a bit-line to 
substrate contact via and a bit-line to gate contact via are 
formed inside the ?fth dielectric layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and many of the attendant advan 
tages of this invention Will become more readily appreciated 
as the same becomes better understood by reference to the 
folloWing detailed description, When taken in conjunction 
With the accompanying draWings, Wherein: 

FIG. 1 shoWs a cross-sectional vieW of the fabrication of 
a conventional semiconductor device. 

FIGS. 2 to 7 shoW cross-sectional vieWs illustrative of 
various stages in the fabrication in accordance With one 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 2, a silicon substrate 10 With p type 
conductivity is ?rstly provided. It is appreciated that a 
semiconductor substrate With n type conductivity can also be 
used. HoWever, it is appreciated that an n-type semiconduc 
tor substrate can be adapted. The substrate 10 is then placed 
into a furnace, and is subjected to a thermal oxidation, such 
as a dry oxidation process, thus forming a gate oxide layer 
12 containing silicon oxide to a thickness of about 100—250 
angstroms. Next, a standard loW-pressure chemical vapor 
deposition (LPCVD) is applied to form a polysilicon layer 
14 having a thickness of about 1000—3000 angstroms on the 
gate oxide layer 12. Generally, Arsenic or Phosphorus atoms 
are implanted or diffused into the polysilicon layer 14 to 
reduce its resistivity. Subsequently, a conventional deposi 
tion technique, such as a standard loW-pressure chemical 
vapor deposition (LPCVD) is performed to form a conduc 
tive layer 16, such as tungsten silicide layer, on the poly 
silicon layer 14. 

Referring to FIG. 3, a photoresist layer is then formed and 
patterned on tungsten silicide (SiW) layer 18 using conven 
tional photolithography techniques, thereby de?ning gate 
areas over a portion of the substrate 10. A gate structure is 
formed on interior circuit and the peripheral circuit of silicon 
substrate 10 by anisotropical etching, for example, a con 
ventional dry etching or reactive ion etching (RIE) tech 
nique. 

Using the gate as a doping mask, ions such as Arsenic 
With concentration of about 1013/cm2 are implanted into the 
substrate 10, generally folloWed by a thermal driving and 
annealing in a temperature of about 900—1000° C. The 
cross-sectional vieW of FIG. 4 illustrates further steps of the 
formation of the tetraetheoxysilane (TEOS) 20A and 20B 
layer With about 200 angstroms in thickness being conform 
ably deposited on the gate. In the embodiment, a loW 
pressure chemical deposition is applied. Next, a silicon 
nitride layer 22A and 22B and a second silicon oxide 24A 
and 24B are formed in order on the tetraetheoxysilane 
(TEOS) 20A and 20B layer by chemical vapor deposition 
(CVD). 

Referring to FIG. 5, a ?rst photoresist layer 26 is depos 
ited on the interior circuit. Subsequently, a ?rst spacer 22D 
of about 600—700 angstroms and second a spacer 24C of 
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about 500—600 angstroms are formed on the sidewalls of the 
gate of the peripheral circuit by self-aligning RIE method, 
Wherein the spacers consist of silicon nitride and silicon 
oxide, separately. 

Referring to FIG. 6, the ?rst photoresist layer 26 and the 
second silicon oxide of the interior circuit are removed. 
Subsequently, a third silicon oxide 30A and 30B is deposited 
over the interior circuit and the peripheral circuit. Further, a 
photoresist layer 32A and 32B is formed and patterned on 
the third silicon oxide 30A and 30B using conventional 
photolithography techniques, de?ning a bit-line to the sub 
strate of the interior circuit, the bit-line to gate, and the 
bit-line to the substrate of the peripheral circuit. 

Finally, referring to FIG. 7, a standard self-aligned reac 
tive ion etch is applied to form contact vias, such as bit-line 
to the substrate 34A of the interior circuit, the bit-line to gate 
34B, and the bit-line to the substrate 34C of the peripheral 
circuit in the embodiment, in third silicon oxide layer by 
anisotropical etching. 

Although speci?c embodiments have been illustrated and 
described, it Will be obvious to those skilled in the art that 
various modi?cations may be made Without departing from 
What is intended to be limited solely by the appended claims. 
What is claimed is: 
1. A method for forming a semiconductor device, said 

method comprising: 
providing a semiconductor substrate, Wherein there is a 

gate oxide layer formed on said semiconductor sub 
strate; 

sequentially forming a polysilicon layer, a conductive 
layer, and a ?rst dielectric layer on said gate oxide 
layer; 

patterning to etch said ?rst dielectric layer, said conduc 
tive layer, said polysilicon layer, and said gate oxide 
layer to form an interior gate and a peripheral gate; 

sequentially forming a second dielectric layer, a third 
dielectric layer, and a fourth dielectric layer over said 
interior gate and peripheral gate; 

forming a ?rst photoresist layer on said fourth dielectric 
layer of interior circuit; 

etching said fourth dielectric layer of peripheral gate to 
form a second spacer of peripheral gate; 

etching said third dielectric layer of peripheral gate to 
form a ?rst spacer of peripheral gate; 

removing said ?rst photoresist layer and said fourth 
dielectric layer of interior circuit; 

forming a ?fth dielectric layer on said third dielectric 
layer of interior circuit; 

removing said fourth dielectric layer and top surface of 
second dielectric layer of peripheral circuit; 

forming a ?fth dielectric layer on said ?rst dielectric layer 
and said third dielectric of peripheral circuit; 

forming a second photoresist layer on said ?fth dielectric 
layer, Wherein said second photoresist layer has a 
pattern of as a bit-line contact via of interior circuit and 
bit-line contact vias of peripheral circuit; 

anisotropically etching said second photoresist layer and 
?fth dielectric layer of interior circuit, Wherein at least 
tWo spacers and a bit-line to substrate contact via is 
formed betWeen tWo gates of interior circuit; and 

anisotropically etching said second photoresist layer and 
?fth dielectric layer of peripheral circuit, Wherein a 
bit-line to gate contact via is formed on upper portion 
of said conductive layer of peripheral circuit and a 
bit-line to substrate contact via. 
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2. The method according to claim 1, Wherein said con 

ductive layer comprises tungsten silicide. 
3. The method according to claim 1, Wherein said ?rst 

dielectric layer comprises silicon oxide. 
4. The method according to claim 1, Wherein said second 

dielectric layer comprises tetra-ethyl-ortho-silicate (TEOS). 
5. The method according to claim 1, Wherein said third 

dielectric layer comprises silicon nitride. 
6. The method according to claim 1, Wherein said fourth 

dielectric layer comprises silicon oxide. 
7. The method according to claim 1, Wherein said ?fth 

dielectric layer comprises silicon oxide. 
8. A method for forming a semiconductor device, said 

method comprising: 
providing a silicon substrate, Wherein there is a gate oxide 

layer formed on said silicon substrate; 

sequentially forming a polysilicon layer, a conductive 
layer, and a ?rst silicon oxide layer on said gate oxide 
layer; 

patterning to etch said ?rst silicon oxide layer, said 
conductive layer, said polysilicon layer, and said gate 
oxide layer to form an interior gate and a peripheral 
gate; 

sequentially forming a tetra-ethyl-ortho-silicate (TEOS) 
layer, a silicon nitride layer, and a second silicon oxide 
layer over said interior gate and said peripheral gate; 

forming a ?rst photoresist layer on said second silicon 
oxide layer of interior circuit; 

etching said second silicon oxide layer of peripheral gate 
to form a second spacer of peripheral gate; 

etching said silicon nitride layer of peripheral gate to form 
a ?rst spacer of peripheral gate; 

removing said second silicon oxide layer of interior 
circuit; 

removing said second silicon oxide layer and top surface 
of said TEOS layer of peripheral circuit; 

forming a third silicon oxide layer on said silicon sub 
strate of interior circuit and peripheral circuit; 

forming a second photoresist layer on said third silicon 
oxide layer, Wherein said second photoresist layer has 
a pattern of a bit-line contact via of interior circuit and 
bit-line contact vias of peripheral circuit; 

anisotropically etching said second photoresist layer and 
third silicon oxide layer of interior circuit, Wherein at 
least tWo spacers and a bit-line to substrate contact via 
is formed betWeen tWo gates of interior circuit; and 

anisotropically etching said second photoresist layer and 
third silicon oxide layer of peripheral circuit, Wherein 
a bit-line to gate contact via is formed on upper portion 
of said conductive layer of peripheral circuit and a 
bit-line to substrate contact via. 

9. The method according to claim 8, Wherein said gate of 
peripheral circuit is formed by said polysilicon, said tung 
sten silicide, and silicon oxide. 

10. The method according to claim 8, Wherein said 
etching of the polysilicon layer is done by a dry etch. 

11. The method according to claim 8, Wherein said dry 
etch comprises a reactive ion etch. 

12. The method according to claim 8, further forming at 
least three bit-line contact vias inside said third silicon oxide 
layer simultaneously. 


